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Abstract 
 
This conference calls for “debate about achieving ecologically sustainable urbanism in 
subtropical settlements through attention to climate responsive design”. Climate responsive 
design would seem to imply the need for differing responses for differing climates. As such we 
might see a subtropical climate as requiring a unique response, unlike that required in 
temperate or tropical climates.  What then would be the major defining characteristics of such 
a ‘subtropical response’?  
 
Sustainable development is presented here as a new technological paradigm; one with a new 
set of belief systems, framed as a model of sustainable construction, and a set of puzzle 
solutions, or technologies for achieving improved levels of sustainable activity. Such a 
universal paradigm for sustainable development can be seen to guide activity only to a certain 
point, beyond which contextual issues (climatic, social, and environmental) must play a part in 
shaping meaningful trajectories of development. 
 
This paper shows how in guiding the application of technologies, to achieve the goals of a set 
of cultural belief systems, our actions must be tempered with an understanding of regional 
conditions, such as a subtropical context. It stops short of identifying particular subtropical 
characteristics, but does, by example, show how a subtropical context has measurable 
impacts on the application of sustainable technologies. In particular the example of the 
characteristics of energy use in a subtropical context can be seen to suggest the need for a 
genuinely subtropical response. 
 
Introduction (to Sustainability) 
 
“…an approach to sustainability that is integrative, is action-oriented, goes beyond 
technical fixes, incorporates a recognition of the social construction of sustainable 
development, and engages local communities in new ways.” (Robinson, 2004, p. 
369) 
 
Over the last few decades, debate about the environmental sustainability of our industrialised 
society has been very much at the forefront of future planning. Issues such as global warming, 
ozone depletion, and species extinction have brought into sharp focus the need to change the 
way we behave. Much has been discussed on the benefits of environmentally sustainable 
development, but some sectors of society are however slow to adopt the techniques and 
philosophical appreciation of such practice. The construction industry is one such sector. 
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In order for the current construction industry to adopt a philosophy of environmentally 
sustainable development, the industry must change its view of the world and its place in it. 
Current belief systems are dominated by the greater societal values of the major stakeholders. 
In essence a new belief system must be considered. This belief system needs to be one that 
values long term environmental concerns higher than short term economic ones. 
 
Paradigms 
 
“Achieving true sustainability will require a paradigm shift that brings together 
sustainable technologies for built facilities as total systems” (Vanegas, DuBose, & 
Pearce, 1996, p. 1). 
 
Scientific Paradigms 
 
In his 1962 book "The Structure of Scientific Revolutions", Thomas Kuhn proposes a new way 
of looking at scientific progress. He presents the notion of a scientific paradigm. His 
proposition is that the development of 'normal science' can be seen as the development of a 
number of paradigms. These paradigms are explained as being the beliefs, values, and rules 
of a certain 'school' of scientific thought. Kuhn (1996, p. 10) suggests that these paradigms 
contain 'examples of actual scientific practice - examples which include law, theory, 
application and instrumentation together - (that) provide models from which spring particular 
coherent traditions of scientific research.' This view of scientific progress as a series of 
changing belief systems was revolutionary at the time, as it looked at scientific laws and rules 
not as isolated knowledge, but as knowledge within a context of cultural values. 
 
Kuhn (1996, p. 175) further defines paradigm it two ways. First, he refers to the 'sociological' 
sense, wherein the paradigm stands for an entire set of beliefs, values and techniques as are 
shared by the members of a given scientific community. Second, he refers to paradigms as 
elements within that set of beliefs, 'the concrete puzzle-solutions which, employed as models 
or examples, can replace explicit rules as a basis for the solution of the remaining puzzles'. 
 
While Kuhn's work is restricted to the field of science, he does suggest the possibility of using 
the notion of scientific paradigms to describe developments and revolutions in other fields 
outside of science (1996, pp. 208-210), such as the building and construction industry. 
 
Technological paradigms 
 
Since Kuhn’s proposition, others have used the notion of the paradigm as a means of 
attempting to understand and explain events in other, non-science, areas. One writer who has 
taken Kuhn's ideas into other areas is the economist Giovanni Dosi. In particular, Dosi has 
proposed the notion of technological paradigms as an explanation for technological 
development and revolution. Dosi (1982, p. 152) defines a technological paradigm as a 
'"model" and a "pattern" of solution of selected technological problems'. In this sense the 
technological paradigm, like Kuhn's scientific paradigm, also consists of two parts, a belief 
system, or a model, and a puzzle-solution, or a pattern of technological solutions. 
 
Elsewhere, Dosi (1984, p. 14) also defines a technological paradigm as a technological 
research program, in which technology can be defined as 'particular expertise, experience of 
past attempts and past technological solutions, together with the knowledge and the 
achievements of the state-of-the-art'. This description of technological paradigms is also 
consistent with Kuhn's description of scientific paradigms as existing in two senses, the 
sociological sense of a belief system, and the puzzle-solutions sense. Belief systems that offer 
conceptual frameworks and theory, and puzzle-solutions that offer practical information on 
how to do things. 
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Contemporary Construction Industry 
 
These concepts, proposed by Kuhn and developed by Dosi, provide an excellent means by 
which to consider the modern industrialised construction industry. This industry is based 
heavily on belief systems and the experience of past attempts where the technological puzzle 
solutions used are strongly guided by the dominant belief systems and local rules of thumb 
(Catalli and Williams, 2001). As such it can be argued that the current belief systems of the 
modern contemporary construction industry can be seen to be unable to provide the puzzle-
solutions to deal with the issues of environmentally sustainable development. In the modern 
contemporary construction industry, the current paradigm is failing to provide a set of belief 
systems that engage with the emerging trends and new knowledge of environmental 
sustainability. There is an incompatibility between the emerging value systems within the 
broader society and the interim pattern of solutions currently used in the construction industry. 
 
The current belief system is dominated by a traditional view of delivering a building to a client 
with an optimal balance of time, cost, and quality. This is a limited view that focuses primarily 
on economics. A new belief system, one that aligns with environmental sustainability, would 
expand upon these goals to include minimising depletion of resources, conserving 
biodiversity, and reducing harmful emissions. These goals would then sit within a global 
context of environmental, social, and economic sustainability. 
 
This expanded set of belief systems for the construction industry is well illustrated in the work 
of Vanegas, DuBose, and Pearce (1996), which is further expanded upon by Huovila and 
Koskela (1998) (see Figure 1). A new paradigm for a sustainable construction industry must 
incorporate these beliefs in both a model of sustainable construction, and a set of 
technological puzzle solutions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - Expanded set of belief systems for a new technological paradigm (based on Huovila 
& Koskela, 1998) 
 
Models of Environmentally Sustainable Development/Construction 
 
Numerous authors have proposed broad models for sustainable activity, often in the form of 
principles (Kibert & Guy, 1997). Many of these relate directly to the built environment and to 
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sustainable construction, but others can be drawn from related areas such as the study of 
industrial ecosystems.  
 
Of all the current models for understanding, assessing, and reducing the environmental 
consequences of our actions, life cycle assessment (LCA) is perhaps the most useful (Cole, 
1998). The idea of the life cycle is simply that for every system (production or service activity) 
there are inputs and outputs, and the cumulative effect of these must be recognised for all 
stages of the systems life. In any system, resources are extracted from the environment and 
processed into products, which results in wastes and emissions being returned to the 
environment. The products are then used and discarded back into the environment. Materials 
and energy flow from the environment into a system; products and waste flow out of the 
system into the environment. At any stage of the life cycle there are a number of possible 
environmental impacts. 
 
In order to understand what can be done to reduce these environmental impacts it is 
necessary to consider the range of measures that might be taken within a smaller number of 
broader strategies. There are potentially thousands of activities, technological puzzle 
solutions, which might be implemented in the design of a building in order to reduce the life 
cycle environmental burden of that building. Management of these activities, and of conflict 
between them, can be better handled by the use of some form of simplified model for 
understanding the bigger picture. 
 
One author who offers a particularly useful list of strategies is Kibert (1994, p. 7). His concerns 
are developed from a number of issues of sustainable construction that include; energy 
consumption, water use, land use, material selection, indoor environmental quality, exterior 
environmental quality, building design, community design, construction operations, life cycle 
operation, and deconstruction. Several strategies of how to achieve more environmentally 
responsible construction are proposed with respect to these issues; 
 
• Minimise resource consumption 
• Maximise resource reuse 
• Use renewable or recyclable resources 
• Protect the natural environment 
• Create a healthy, non-toxic environment 
• Pursue quality in creating the built environment 
 
It is now possible to add these principles to a two-dimensional model of life cycle assessment. 
Such a combination has already been investigated by Kibert (1994) wherein such a three 
dimensional model is proposed. By combining the axis of strategies of sustainable 
construction, with the two axes of life cycle and impact categories, a simple conceptual model 
is produced. Kibert’s strategies are noted above. His stages in time are; development, 
planning, design, construction, operation, and deconstruction. His impact categories are 
simply divided into the resource categories of; energy, water, materials, and land. The model 
then is represented as three radiating axes. 
 
It may be more helpful to consider the model, not as three axes, but as a three dimensional 
stack of “boxes” (see Figure 2). For each strategy, time stage, and resource, there is a box. In 
each box is a collection of issues that need to be addressed, and a collection of theories and 
principles for addressing them. Theories and principles will obviously not be limited to just one 
box; some issues will cover large numbers of boxes, as will some strategies for dealing with 
them. 
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Figure 2 - A Modified Representation of a Model for Sustainable Architecture, showing how 
groups of issues are located (developed from Kibert, 1994, p. 11). 
 
Technological Puzzle Solutions 
 
In conjunction with these belief systems, these models of environmentally sustainable 
construction, there must also exist a set of technical puzzle solutions in order for the 
conceptual framework to be applicable in practice. Dosi (1988, pp. 1125-1126) notes, in the 
fields of technology, problems or puzzles are typically ill structured and the available 
knowledge does not by itself provide a complete puzzle solution. For this reason, Dosi 
proposes that a technological problem should be addressed not with specific solutions, but 
rather with a 'set of heuristics' (1988, p. 1127). In the construction industry, where the 
problems are different for every new building, such an approach is useful. 
 
We already have a well developed set of technological puzzle solution, in the form of technical 
strategies and techniques for achieving reduced environmental burden. There are thousands 
of well documented examples of technologies that assist in the ‘greening’ of our built 
environment activities. The problem has always been in the implementation of these 
technologies; either due to lack of demand from clients and users, or lack of guidance in how, 
when, and where to implement them in a particular project or situation. 
 
A conceptual model of sustainable construction, as part of a broader new paradigm, can guide 
the implementation of technologies to ensure that the ‘new’ value system of the society is 
being respected and its goals achieved. Such a general, value driven, model is essential. 
 
The recognition of this type of paradigm structure, for a new technological paradigm for 
sustainable development or sustainable construction, is seen in the work of Cole (2005, p. 
460) wherein he identifies that “although the design of assessment methods and tools 
demands a level of specificity, the arguments must inevitable remain general”. Cole further 
identifies the multiplicity of views of what a sustainable future might be, each with its own 
cultural values, and each offering a legitimate path to a sustainable future. 
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Cole however goes on to say that, 
 
“The notion of a universally applicable tool that will be widely adopted in different 
countries is questionable….. Within ‘green’ assessment many performance issues 
must be customised to account for building or region-specific consideration.” (Cole, 
1999, p. 244). 
 
A model of sustainable construction can guide the implementation of technological puzzle 
solutions, but it needs to be tempered with a regional contextual view. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 - Model of a new technological paradigm for sustainable construction 
 
Regionalism 
 
Any model or strategy for sustainable development or sustainable construction must include 
some form of assessment and feedback in order to appreciate and indeed confirm the 
achievement of objectives. As already discussed, the scope of any such model, and the 
breadth of principles and technological puzzle solutions, is expansive. For this reason it is 
impractical to attempt to measure all of the impacts of a development activity. Further, given 
the full life cycle nature of any such development, it is only possible to measure all of the 
impacts over a very long and impractical time frame. For these reasons we typically assess or 
measure a smaller number of impacts, and extrapolate from them as indicators of a broader 
range of environmental impacts. 
 
Sustainability indicators are a recognised tool for measuring progress towards sustainable 
development (Cartwright, 2000, p. 65). There are however hundreds of possible indicators, 
and it is in the very nature of indicators to use only a few as a manageable tool in the 
assessment process. The critical issue then is which indicators to use. A reading of this 
question in light of a new technological paradigm suggests that the decision about indicators 
should be guided by cultural beliefs. Further, within a model of sustainable construction, the 
decision will be guided by sustainable cultural beliefs, which we take in this context to be 
about the values of sustaining human activity and the environment. “The selection of 
sustainability indicators will therefore inevitably be a human value-driven process” (Guy & 
Kibert, 1998, p. 39). 
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Cartwright (2000) explicitly notes that community involvement in identifying the issues and 
determining the indicators for monitoring progress is crucial to the long term success of 
achieving sustainability. Guy and Kibert (1998, p. 40) at the Centre for Construction and 
Environment, at the University of Florida, also note that it is local interests that “create conflicts 
between humans and the environment, social equity and economic interests”. Guy and Kibert 
(1998) propose a number of indicators for sustainable construction under the headings of 
‘land, water, materials, energy use, and toxins’. These categories relate back to the Model of 
Sustainable Construction proposed by Kibert. The indicators include items such as: areas of 
greenspace per unit area of building, per capita water consumption, tons of construction and 
demolition waste per unit area of new construction, per cent of total electricity consumption 
from renewable resources, etc. 
 
These indicators are specific to the region or context for which they have been developed, in 
this case Florida, and as such can be used to guide sustainable activities in that region. These 
regional indicators may be more or less significant in other regions. Local issues such as how 
energy is generated, where water comes from, endangered species, resource depletion, 
carrying capacity of the local environment, and the local climate, will all have an influence on 
which belief systems are more pressing, and what technical solutions are most appropriate at 
that point in time. 
 
A new paradigm for a sustainable construction industry can therefore be argued to require not 
only a set of belief systems, and a set of technological solutions, but also some form of 
contextual modifier; a lens through which the view of the belief systems can be focused onto 
the most relevant and significant technological solutions. In a subtropical context then, what 
would such a lens be like, where should it focus our attentions, and how will it prioritise our 
efforts. The answers to these questions are difficult to define and given the very nature of 
changing cultural beliefs, will themselves be changing. By way of example however, it is worth 
looking at one technology that is highly affected by a subtropical context. 
 
Energy as an Example 
 
Energy consumption is one of the most often used indicators of environmentally sustainable 
development; particularly in the construction industry, where many buildings are touted as 
being ‘environmentally friendly’ because they use less energy that conventional buildings of 
the same type. There are however greatly varying regional issues with regard to energy use, 
particularly within a subtropical context. 
 
Energy in the Built Environment 
 
The construction and operation of buildings requires energy, and the production of that 
energy, as it is generally generated, creates major environmental impacts through the 
generation of CO2. The significance of such carbon emissions as perhaps the most significant 
indicator of sustainability is widely understood (Cole, 1999). There has been a significant 
amount of research into the reduction of operational energy in ‘green’ buildings, and many 
technological solutions exist to achieve such reductions. There has not however been a 
similar level of interest in reducing the embodied energy; the energy required to construct the 
building in the first place and in the manufacture of its materials and components. This focus 
on the operational energy of buildings (as opposed to embodied energy) has been driven, 
primarily, by research, development, and experimentation in temperate region of the world, 
such as North America, Europe and the United Kingdom. In these regions, with their cold 
winters, large amounts of energy are used to maintain a comfortable internal environment, and 
it has been this energy usage that has received much of the attention of energy reduction 
strategies. 
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A belief system that values energy reduction, and its associated reduction in carbon 
emissions, is just as valid in a subtropical context, as are the specific technologies for energy 
reduction. We must however recognise the contextual differences of a subtropical region 
where there are not the same levels of operational energy used to control internal climate. 
Analysis of the level of operational energy, and embodied energy, in a subtropical context 
shows that embodied energy is a significantly greater part of the total energy use of a building, 
and as such requires greater consideration within a sustainability strategy (Crowther, 1999). 
 
Operational energy 
 
Operational energy is the energy used by a building to sustain all of the activities that it 
houses. This will include energy from electricity, gas, and the direct burning of fossil fuels. 
Since the maintenance of internal environments in highly effected by the external 
environment, we see a wide range of typical values for operational energy. For office 
buildings, for example, the values typically range from as low as 290 MJ/a.m2 to as high as 
1210 MJ/a.m2 (Crowther, 1999). 
 
Embodied Energy 
 
Values for embodied energy are not as easily achieved. Embodied energy includes all of the 
direct energy of construction, but also includes the indirect energy of extracting natural 
materials, processing them into materials, manufacturing them into components, and all of the 
stages of transportation in between. It also includes a proportion of the infrastructure at each 
of these stages. Analysis of a range of studies into embodied energy shows that the values of 
from 8 000 MJ/m2 to 9 000MJ/m2 are typical for office buildings (Crowther, 1999). 
 
Energy Reduction 
 
If we then compare embodied energy with operational energy, over say a typical 40 year life 
expectancy for an office building, we see that it can range from 14% to 40% of the total energy 
use. This range is dependant on the level of operational energy, which is highly determined by 
the character of the external environment. In a subtropical region, with its relatively benign 
conditions, levels of operational energy are low, and as such operational energy is a lower 
proportion of the total energy use. 
 
This suggests that technological solutions to operational energy use will not be as significant 
in a subtropical context. Indeed the energy savings will not only potentially be less in real 
terms, but also less as a proportion of total energy use. In a subtropical context, technological 
solutions to embodied energy may take on a more significant role due to their potentially more 
significant proportional savings, and the associated reduction in environmental impacts. 
 
Conclusions 
 
What this brief example shows is that while a subtropical region may share the same belief 
systems and technological solutions to sustainability as other parts of the world, a subtropical 
(or other regional) modifier is needed to bring into focus those issues that are of most 
significance and those which may bring the most benefit. 
 
Kemp (1994, p. 1033) argues that a technological paradigm should include a set of 
'engineering beliefs and expectations of where to go, what problems to solve, and what sort of 
knowledge to use'. This paper further argues that a new technological paradigm for 
sustainable construction, in a subtropical context, will require some additional form of 
subtropical modifier to guide its application. 
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Energy use is just one example of how priorities in a subtropical region may not match those 
in other climatic regions. Other priorities must be developed from an understanding of the 
subtropical condition; not just climatic and environmental issues, but social and cultural ones 
also. An understanding of sustainable development is needed that “goes beyond technical 
fixes, incorporates a recognition of the social construction of sustainable development, and 
engages local communities” (Robinson, 2004, p. 369). 
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